INTRODUCTION
The Gram-negative bacterium Pseudomonas aeruginosa is ubiquitous and widespread microorganism in a variety of environments such as soil, water and on hosts (1) . In spite of its wide spread in nature and the potential to cause community-acquired infections, this opportunistic pathogen is predominantly associated with hospital-acquired infections, including respiratory infections, bacteremia, skin and soft tissue infections, osteomyelitis, urinary tract infections, gastroenteritis, otitis and eye infections (2, 3, 4) . The severity of P. aeruginosa infections is further complicated in immunocompromised patients or patients who are requiring mechanical ventilation (5) . It has also been proven that P. aeruginosa has an extraordinary capacity to easily develop powerful resistance to almost all commercially available antibiotics either by the acquisition of horizontally transferred resistance genes or by mutation in chromosomally encoded genes (6, 7) . These make infections caused by this pathogenoften difficult to treat and frequently life threatening due to its multidrug-resistant (MDR) phenotypes (8, 6) .
The pathogenesis of this bacterium is multifactorial; multiple and diverse determinants of virulence contribute to the wide range of diseases caused (9) . P. aeruginosa possesses type III secretion system (T3SS) as a complex macromolecular machinery to inject and intoxicate host cells with up to four effector proteins; ExoS, ExoT, ExoY and ExoU (10) . The exoUgene encodes the highly cytotoxic T3SS effector ExoU (11) .
This toxin has a phospholipase A2 activity that is highly cytotoxic to a range of eukaryotic cells; ExoU disrupts cell membranes following its delivery into the cytoplasm and causes rapid celldeath (12) . It has been reported that exoU gene is present in cytotoxic strains of P. aeruginosa, while non-cytotoxic strains lack this particular gene (13) , making the presence of exoUa marker to identify highly virulent strains of this bacterium (14) . The production of ExoUis associated with increased mortality and disease severity, and has been recognized as a major detrimental virulence factor in acute illnesses (13) .
The precise characterization of species in clinical settings may have consequences in diagnosis, antimicrobial therapy, and infection control policies (15) . To assess the genetic micro-and macro-variations used in epidemiological investigations, the genetic relatedness among pathogenic isolates must be established by phylogenetic-and population-based analysis (16) .
Multilocus sequence typing (MLST), as a genotyping method based on the nucleotide sequence analysis and the allelic differences among seven house-keeping genes (acsA, aroE, guaA, mutL, nuoD, ppsA, and trpE), has been widely used for genetic diversity and epidemiological investigation of P. aeruginosa (17, 18) .
Although it relies only on the evaluation of the core genome diversity, it is a robust, standard and portable technique that has been proven to be a valuable tool for analyzing the epidemiology of bacterial infection, as it is highly discriminating and provides insight into genetic structure of infected populations (19, 20, 21) . It also provides a comprehensive database that allows researchers to compare the results obtained from different sample types in different locations (22) .
It has been previously reported that P. aeruginosa accounted for 26.1% of the total nosocomial infections in Kurdistan (23) . A higher prevalence has been reported by studies elsewhere in Iraq, such as 46.6% in Najaf (24) and 67.7% in Basrah (25) . However, to our knowledge, there is no comprehensive investigation or previous report from Kurdistan investigating the prevalence and genotype properties ofexoU+ P. aeru-ginosa isolates in this region. Therefore, in this present study we performed a molecular identification and genotyping analysis of P. aeruginosa isolates obtained from soil and a range of clinical infections at Duhok, Erbil and Sulaymaniyah hospitals to study the antibiotic resistant pattern, prevalence and genotype characterization of highly virulent strains of P. aeruginosa in Kurdistan.
MATERIALS AND METHOD

Bacterial strains
A total of 101 strains of P. aeruginosa were collected from both clinical and environmental sources. 
Isolation and identification of P. aeruginosa strains
The isolates of P. aeruginosa were initially identified using selective agar culture media according to the protocol described by Khan et al., (26) with some modifications. Samples were cultured in brain heart infusion broth at 37°C for 24 hours. Then, each sample was streaked on MacConkey agar and incubated for 24 hours at 37°C. A single suspected colony that showed the characteristic appearance was selected and plated onto the Cetrimide agar plate, incubated overnight at 42°C. Isolates were primarily identified as P. aeruginosa if they showed growth at 42°C. Colonies were purified and transferred onto Pseudomonas Isolation Agar and incubated for 24 hours at 37°C. A single purified colony was then inoculated into nutrient broth and incubated for 24 hours at 37°C and then kept in 50% glycerol and stored at -20°C until used.
Antibiotic sensitivity testing
Screening for antibiotic resistance was performed by the Kirby Bauer disc diffusion method on Mueller-Hinton agar as described by the Clinical and Laboratory Standards Institute (CLSI) guidelines (27) . against all isolates. Isolates that produced resistant to at least three antibiotics from different antibiotic classes were defined as multidrug-resistant, whereas isolates remain susceptible to only one or two antibiotics from all antimicrobial categories were identified as extensively drug-resistant (28) .
Fourteen of commercially available antibiotic discs
Genomic DNA isolation and PCR amplifications
Genomic DNA was extracted from all 101 strains using High yield DNA Purification Kit as described in the supplier's manual (Cinnagen-Iran). P. aerugino-sa isolates were identified at both genus and species level by duplex PCR (29) with minor modifications.
The complete exoU gene was amplified, and sequenced (sequence data not included), using primers exoU-F (5'-ATGCATATCCAATCGTTGG-'3) and exoU-R (5'-CTAGCAATGGCACTAATCG-'3) (30) . cycles of denaturation at 94°C for 1min, annealing at 55°C for 1min and extension at 72°C for 2min; and a final extension at 72°C for 7min. The internally transcribed spacer (ITS) region,located between the 16S and 23S rRNA genes, was amplified using primers PA1 5'-GCCCGTCACACCATGGGAG-'3 and PA2 5'-TCGCCTSTGRRGCCAAGGC-'3 as previously described (31) and amplification reaction mixture described above. PCR program was as follow:initial denaturation of 2 min at 94°C followed by 30 cycles of 1 min at 94°C, 45s at 68°C, and 1 min at 72°C, and a final extension at 72°C for 10 min. Amplified products were separated by electrophoresis on a 1.2% (W/V) agarose gels, stained with ethidium bromide and visualized by UV transilluminator.
Cloning and sequencing of ITS region
The PCR products were purified using QIAquick 
Sequence data analysis
The forward and reverse sequences were imported, assembled, edited, trimmed and verified in Geneious, version R8.1 (32) and then saved in Fasta format.
Positions in which gaps were present in any of the aligned sequences were excluded from the analysis.
All sequences were confirmed by individual BLAST searches to determine whether the corresponding data matched well with the appropriate gene of P. aeruginosa. The individual genes were estimated under best-fit models of nucleotide substitution selected with jModel Test (33) .The phylogenetic analyses performed by using GARLI web service hosted at molecularevolution.org (34) 
Allele and sequence type assignment
The Pseudomonas aeruginosa MLST database at (http:// pubmlst.org/paeruginosa) was used to assign numbers to each distinct allele within a locus. Thus, each individual isolate was given seven numbers known as allele profile that yielded to its sequence type (ST).
Any allele that did not match with existing alleles in the database was designated as a "new" allele. Any sequence type that did not match with the existing database allele combination was numbered as a "new" sequence type. Isolates that share five or more identical alleles (single-or double-locus variants) were considered part of the same clonal complex (26) (3) .
Nucleotide sequence accession numbers
The nucleotide sequences determined in the current study were submitted to GenBank. The accession numbers for the ITS region, exoU gene, acsA, aroE, guaA, mutL, nuoD, ppsA, and trpE- 
RESULTS AND DISCUSSIONS
In this study, the bacteriological results revealed that a total of 101 isolates of P. aeruginosa were identified out of 523 specimens tested, representing 19.3% of the total samples. According to their sources, 87
were clinical and 14 were environmental isolates. All P. aeruginosa isolates that were identified by selective The results of the prevalence of exoU gene revealed that 23 out of 87 clinical isolates were exoU+ genotypes representing 26.4% of the total clinical isolates ( Figure: 1) . This result was similar to previous survey (25.4%) carried out byGarey et al., (14) in USA and slightly higher than that reported by Bradbury et al., (35) in Tasmania which was18.0%. However, in our analysis, this rate was markedly lower than other studies conducted in Iran by Jabalameli et al., (36) , Yousefi-Avarvand et al., (37) and Azimi et al., (38) who showed 64.5%, 65.4% and 52.0% of exoU positive genotypes, respectively. This lower prevalence rate of horizontally transferredexoUvirulence gene (39) in our studymight be due to the less clonal diversity of the studied isolates in Kurdistan. Furthermore, it was observed that all exoU+ P. aeruginosa were exclusively from clinical sources and not in any of the environmental isolates (Figure 1 ). However, this result is in contrast with the studies conducted by Bradbury et al., (35) and Streeter et al., (40) who reported the presence of exoUgene in both environmental and clinical strains. The reason for this difference is unclear; it may reflect the genuine differences between P. aeruginosa populations isolated from different geographical sites. However one must be cautious since false negatives can be generated through a PCR based analysis (30) . What is clear is that the presence ofexoU gene is a variable trait in P. aeruginosa (38) .
The distribution of exoU+ isolates according to their geographical locations showed that the highest number (n=14 out of 23) of exoU+ isolates were detected in Sulaymaniyah, whereas, the lowest number (n=1 out of 23) were from Erbil (Figure 1) , and there was a statistically significant difference between the locations and the prevalence of the exoU virulence gene carriage (χ2d.f.=2, N=101, p = 0.0054). Furthermore, according to their infection sources, results revealed thatexoU+ isolates were identified from nearly all infection sites (Figure 1 ). However, no statistically significant differences were observed between the infection sites and the prevalence of exoU virulence gene (χ2d.f.=4, N=101, p = 0.878). This is mostly might be due to the fact that exoU+ strains have the ability to cause acute infections in almost all types of human infections, as ExoU has been shown to acquire cytolytic activity to different cell types such as epithelial cells, macrophages and fibroblasts (4) . 
No. of variable sites
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All new STs except three were found to exhibit either MDR or XDR pattern. Furthermore, ST235 (which is globally known as a high risk clone (41) ) was detected among two isolates typed in Sulaymaniyah. Also, ST308 (which is associated with different acquired β-lactamases, particularly IMP and VIM MBLs (42) ) was identified in Duhok and Sulaymaniyah. The The internal transcribed spacer (ITS) located between the 16S and 23S rRNA genes, which is not subjected to the same selective pressure as the rRNA genes and the housekeeping genes, show more variations and consequently have a 10-times-greater evolution rate. As such they have been widely used for phylogenetic analysis, typing and evolutionary studies (44) . Therefore in order to allow better discrimination and greater tree robustness, the sequences of the seven housekeeping genes, exoU and the ITS region for each strain were concatenated and used to construct an unrooted phylogenetic tree among these strains.Thegenotypes were differentiated into five main groups in the phylogenetic tree supported by bootstrap values (Figure 2 
